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SPECIFICATION 

1 . Title of the Invention 

Etching Solution for Silicon Oxide Film 

2. Claims 

An etching solution for a silicon oxide film, composed of a solution that contains 
hydrofluoric acid or a salt that generates hydrofluoric acid in solution, and has a water 
content of 2% or less. 

3. Detailed Description of the Invention 

The present invention relates to an etching solution for a silicon oxide film. 

The etching of an oxide film is an extremely important step in the manufacture of 
a semiconductor device. For instance, when a take-off electrode is provided to an 
element, wiring is produced by photoetching the necessary portion of an oxide film. 
Specifically, as shown in Fig. la, an oxide film 1 is covered with a photoresist 2, this is 
exposed and developed to leave in the desired form, and the remaining photoresist film 2 
is used as a mask in the selective etching of the oxide film 1 with an ammonium fluoride 
(NH4F) aqueous solution and so forth. 

The oxide films used in linear integrated circuits and so forth have a five-layer 
structure comprising a silicon dioxide (Si02) film la, a boron-doped oxide (BDO) film lb, 
an Si02 film Ic, an arsenic-phosphorus-doped oxide ((As, P)DO) film (or PDO film) Id, 
and an Si02 film le. These films are etched at different rates by an NH4F aqueous 
solution. In particular, the etching rate of the (As, P)DO film 1 b^ is two to three times 
faster than that of the Si02 films la, Ic, and le. Accordingly, when the above-mentioned 

' Translator's note: lb is used for the BDO film above. 
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oxide film 1 with a five-layer structure is etched with an NH4F aqueous solution, an 
overhang is formed at the uppermost Si02 film le, as shown in Fig. lb. If wiring is 
performed by vapor depositing an aluminum (A!) film 3 in this state, there is the danger 
of electrical disconnection at the places indicated by the broken lines in Fig. Ic. 

Consequently, in the manufacture of a semiconductor device, it is much preferred 
to use an etching solution which etches an Si02 film, an (As, P)DO film, a BDO film, and 
other such oxide films at roughly the same rate, and with which there is no danger of an 
overhang being produced even in the etching of the oxide films of multilayer structures 
consisting of these oxide films. 

It is an object of the present invention to provide an etching solution that can meet 
the above-mentioned need. 

The reason that the etching rate with an NH4F aqueous solution varies with the 
type of film is as follows. In the etching of a silicon oxide film by an NH4F aqueous 
solution, first the structure of the silicon oxide is broken down by hydrogen ions (H"^), 
after which reaction with fluorine ions (F^ results in dissolution, causing etching to 
proceed. Therefore, the etching rate of each type of oxide film is affected by the degree 
of water resistance of that film, so the results vary with the type of film. 

This means that if the water is adequately removed from an etching solution, the 
initial hydration reaction will be suppressed and the etching rate will be less affected by 
the water resistance of the film. As a result of research into the permissible water 
concentration in an etching solution when the initial hydration reaction is to be 
suppressed, the inventors discovered that this initial hydration reaction can be suppressed 
only if the water content is 2% or less. 
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Methods for introducing hydrogen fluoride (HF) into a solution with a water 
content of 2% or less include adding anhydrous HF to a certain type of solvent, or 
dissolving in a solvent a salt that will generate HF through a reaction with the solvent. 
Almost any neutral or acidic solvent can be used as the solvent to which the anhydrous 
HF is added. Still, alcohols and ketones are not very desirable solvents because they may 
become modified through reaction with the HF when the temperature rises. Also, 
solvents that dissolve photosensitive resins, such as halogenated hydrocarbon and so on, 
are undesirable from a practical standpoint. 

Meanwhile, salts that generate HF in a solution include NH4F, acidic ammonium 
fluoride (NH4F • HF), and organic fluorine compounds. Examples of the solvent in 
which these salts are dissolved include formic acid (HCOOH), acetic acid (CH3COOH), 
propionic acid (C2H5COOH), and sulfuric acid (H2SO4). Of these, an acetic acid solution 
of NH4F • HF is most favorable. When NH4F or NH4F • HF is used, a strongly acidic 
solvent in which the salt is dissolved at a fairly high concentration is best suited. 

The present invention will now be described in detail through examples. 
Example 1 

NH4F • HF was dissolved in an acetic acid (CH3COOH) solvent to prepare etching 
solutions with NH4F • HF concentrations of 5% and 10%. These solutions contained 
almost no water. Then the etching rate of these etching solutions on an SiOa film, an (As, 
P)DO film, and a BDO film was measured. Specifically, a pure SiOa film, an (As, P)DO 
film containing 0.01% AS2O3 and P2O5, and a BDO film containing 0.02% B2O3 were 
grown by vapor phase deposition in a thickness of 1 ^ on a silicon substrate. These 
products were baked at 800^C, then immersed in each of the above-mentioned etching 
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solutions, and the time it took for the film to disappear was measured. These results are 
given in Table 1 . For the sake of comparison, the etching rates on each of the films of a 
30% NH4F aqueous solution and a solution obtained by adding just over 2% water to a 
10% NH4F • HF acetic acid solution are also given. 



Table 1 







Treatment 
temp. 


Etching rate 


SiOz 
film 


(As,P)DO 
film 


BDO 
film 


Ref-erence Ex. 


30% NH4F aqueous solution 




26.2 
A/sec 


65 A/sec 


13.8 
A/sec 


10% NH4F • HF acetic acid 
solution containing just over 
2% water 


55°C 


23 A/sec 


200 A/sec 


10.1 

A/sec 


[Work-ing] 
Exam-pie 


10% NH4F • HF acetic acid 
solution 


55°C 


15.7 
A/sec 


28.4 A/sec 


6.2 

A/sec 


ft 


64°C 


39.3 
A/sec 


54.4 A/sec 


12.2 
A/sec 


5% NH4F • HF acetic acid 
solution 


64°C 


15.7 
A/sec 


34.4 A/sec 


10.8 

A/sec 


It 


79°C 


29.5 
A/sec 


61.2 A/sec 


20.3 
A/sec 
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As is clear from the above results, the etching solutions in the working examples 
exhibited less difference in etching rate among the various films than in the reference 
examples. For instance, if we compare the 30% NH4F aqueous solution and the 79°C 5% 
NH4F • HF acetic acid solution, we see that the difference [in etching rate] between the 
Si02 film and the (As, P)DO film and the difference between the Si02 film and the BDO 
film^ was 38.8 A/sec and 51.2 A/sec for the former, but was much less, at 21.7^ A/sec and 
40,9 A/sec, for the latter. 

For practical purposes, the etching rate for all of the films must be 10 to 
100 A/sec. Therefore, when a 10% NH4F • HF acetic acid solution is used, the etching 
must be performed at a temperature of about 64°C. 
Working Example 2 

Anhydrous HF was dissolved in an acetic acid solvent to produce a 1% HF acetic 
acid solution (the water content was 0.5% or less). The etching rate of this solution on 
various films was measured in the same manner as in Working Example 1, the results of 
which are given in Table 2. The treatment temperature, though, was changed to 60°C. 



Table 2 



Treatment 
temperature 


Etching rate 


Si02 film 


(As,P)DO film 


BDO film 


60°C 


42 A/sec 


60.1 A/sec 


23.3 A/sec 



^ Translator's note: Judging from the numbers here, the latter comparison is between the (As,P)DO film 

and the BDO film, rather than between the Si02 film and the BDO film. Probable error. 

^ Translator's note: This would seem to be an error for "31 .7," since 31.7 + 29.5 = 61.2, as in the table. 
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It can be seen that the differences [in etching rate] were even smaller than in 
Working Example 1 . 
Working Example 3 

A commercially available concentrated phosphoric acid (H3PO4) was added in an 
amount of 0 to 3% to a 10% NH4F • HF acetic acid solution. The water content was 
0.5 wt%. The addition of phosphoric acid changes the etching rate on the various films. 
In view of this, the relationship between the added amount of phosphoric acid and the 
etching rate was examined, the results of which are given in Fig. 2. 

Specifically, as the added amount of phosphoric acid increases, the difference in 
etching rate between the various films becomes smaller. The amount of phosphoric acid 
that can be added is determined by the solubility of the precipitate produced in the 
solution. If phosphoric acid is added in an amount of 3% to a 5% NH4F • HF acetic acid 
solution, the precipitate does not disappear even at 80*^C. 

As discussed above, an etching solution composed of a solution that contains HF 
or a salt that generates HF in solution, and that has a water content of no more than 2% 
has a small difference in etching rate on various types of silicon oxide film, and there is 
less danger of overhang and the like occurring in the etching of oxide films having a 
multilayer film structure. Therefore, use of the etching solution of the present invention 
allows etching to be performed more accurately. 
4. Brief Description of the Drawings 

Figs, la, lb, and Ic are diagrams of the steps involved in providing a take-off 
electrode for a semiconductor device using a conventional etching solution; and 
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Fig. 2 is a graph that shows the relationship between the etching rate on various 
oxide films and the amount of H3PO4 added to the etching solution pertaining to the 
present invention. 

Applicant: Toshiba Corporation 
Agent: Takehiko Suzue, Patent Attorney 
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